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AND FLAPPED 42° SWEPTBACK WING AT A
REYNOLDS NUMBER OF 6.8 x 106

By Thomas V. Bollech and George L. Pratt
SUMMARY

An invegtigation has been conducted in the Langley 19-—Ffoot pressure
tunnel to determine the effects of Spoiler geometry and location on the
low—speed lateral control characteristics of a wing swept back 42° at
the leading edge wlith and wlthout high-1ift and stall-control devices.
The wing incorporated NACA 64,—112 airfoil sectioms perpendicular to

the 0.273~chord line and had an aspect ratio of 4.0l and a taper ratio
of 0.625. Flain and step spoller arrangements of various spans and
spoller projections were investigated at several spanwise and chordwise
locations at a Reynolds number of 6.8 X 100 and a Mach mumber of 0.16
through an angle—of-attack range from -4° to the stell. TIn additl a
few arrangements were investigated at a Reynolds number of 3.8 X lgg

The results indlcate that the incremsnts of rolling moment obtalned
from spoilers extending inboard fram the tip and outboard from the root
cannot be cambined in a single spanwiae effectiveness curve as in the
cagse of stralght wings.

Bagsed on squal—gpan spollers having a projection of 10 percent of
the local chord, the step spoller was most effectlive if located slightly
inboard of the wing tilp for the plain—wing conflguration; whereas the
plain spoller was mogt effective 1f located In the vicinity of the plane
of symmetry. With Flaps deflected, both spoillers were most effective
when located slightly inboard of the wing tip.

With flapg neutral, the plain spoiler was more effective than the
step spoiler for low spoiler projections in the low and moderate angle—
of-attack range. With flaps deflected, the plain spoiler was generally
more effective throughout the entire angle—of-attack range and gpoller
projections i1nvestigated.
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For all configurations investigated, a forward spoller. chordwlse
location generally reduced the spoller effectiveness in the low and
moderate angle—of-attack range and increased the effectiveness in the
higher angle-—of-attack rangs.

INTRODUCTION

The data of references 1, 2, and 3 have shown that the effective—
ness of a spoiler on sweptback wings is dependent upom both spoiler
geomotry and location. Although reference 3 does permit an evaluation
of spoiler type, the data do not permit a complete evaluation of spoiler
effectiveness ag affected by such factore &s spoller span, proJectiom,
and location. In order to study the effects of spoller geametry and
locatlion.on the lateral control characteristics of a sweptback wing in
more detall, tests have been made in the Langley 19-foot pressure tunnel
to determine the low—speed gpoller lateral comtrol characteristics of a
plain and flapped 42° sweptback wing. The wing incorparated NACA 64,112

ailrfoil sections perpendicular to the 0.273—chord line and had an aspect
ratio of 4.0l and a taper ratio of 0.625.

Plaln and step spoller arrangements of various spans and gpoiler
projections were Iinvestigated at several spanwlse and chardwlse locations
on the basic wing and on the wing equipped with a fuselage and high-1ift
and stall—-control devices. These devices included extensible round-nose
leading—edge flaps, trailing-edge helf—span and full-span split flaps,
and upper—surface fences,

All the tests of the lnvestigation were conducted st a Reynolds

number of 6.8 x 10° and a Mach number of 0.16. Additional tesgts of a
few configurations were mede at & Reynolds number of 3.8 X 10° and a
Mach nmumber of 0.09.

SYMBOLS

All momente are taken sbout a system of axis (wind axis) originating
in the plane of symmetry at the guarter—chard point of the mean aero—

dynamic chard.

c 11ft coefficient &Lt
qsS

A0y, increment in 1ift coefficlent due to spoiler projection
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Cp

e &

A

ol

drag coefficient C%E)

incremsnt in drag coefficlent due to spoiler proJectlion
1tching moment
gsc

pitching-moment 909?1_’_1¢16n’°_<P

increment in pltching—moment coefficient due to spoiler
mrojection '

- ng moment
yawing—moment cosfficient (Y awing m n\
asb

rolling—moment coefficlent (Ro = gS'b nt)
a:

dynamic pressure, pounds per square foot (%pﬁ)

wing span measured normel to the plene of symmetry, feet
spoller span measured normal to the plane of symmetry, feet
alleron span measured normal to the plane of symmetry, feet

alleron deflection meesured normal to alleron hinge line,
positive when tralling edge 1g deflected downward, degrees

gpoller projection, fractlon of chord
wing area, aquare feet

meen serodynamic chord measured paralliel to the plane of

b/2
symmetry, 2.892 feet %f clay
O

local wing chord measured parsellel to the plane of symmetry,
feet

spanwlige ordinate measured normal to the plane of symmetry,
feet

angle of attack, degrees

mass density, slugs per cublc foot
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v froe—gtream veloclty, feet per second
Subscripts:

exp ' experimental

eat ostimated .

T total

MODEL AND TESTS

Model

The wing was constructed of laminated mahogeny to the plan form
shown in figure 1. The angle of sweep of the wing leading edge was
42,05° and the airfoll profiles perpendicular to the 0.273—chord line
were NACA 6#1—112 sectiong. The 0.273—chord line correaponds tc the
0.25—chord line of the wing with unswept penels. The wing had an aspect
ratio of 4.0l and a taper ratioc of 0.625 and had no geomotric twlst or
dihedrael. The wing tips were parabolic in plan form and elliptical in
cross sectlion.

The high-1ift and stall-control devices are shown in figure 2. The
leading—edge flap was of the round-nose extenslble type which extended
from 0.40b/2 to 0.975b/2 and had a constant chord of 3.19 inches and was
deflected approximately 50° with the section chord line. The trailing—
edge high-1ift device was & aplit flap having a chord of 18.4 percent of
the local wing chard measured parallel to the plane of symmetry. Balf-—-
gpan and full-gpan gplit flaps extended 50 and 97.5 percent of the wing
span, respectively, and were deflected 60°. The split—flap deflection
ls measured 1in a plane perpendicular to the 0.273—chord line and is the
angle formed by the flap chord line and the lower surface of the wing.
The upper—surface fences (fig. 2(c)) were located at 50 percent of the

wing semiepan and were constructed of f%u-inch sheet gteel cut to fit

the upper surface of the wing. The fences extended from 5 percent of
the local chord to the wing trailing edge. The height of ithe fences was
arbitrarily set at 60 percent of the maximm thiclness of the local air—
foll section parallel to the plane of symmetry.

Detaills of the spoller arrangements investigated are shown in
figures 3 and 4. Two types of spoiler arrangements were investigated
through a rangs of spoller proJjections of 2.5, 5, 7.5, and 10 percent
of the local chord. The plain spoller (fige. 3(a) and 4(a)), con—
slated of.O.lOb/2 segmente (measured perpendicular to the plane of
symmetry) which were placed end to end along a comstant percentage
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chord line. The step spoiler (figs. 3(b) and 4(b)) consisted of a
series of spoller segments, each 10 percent of the wing semlispan in
length, which were skeswed on the wing surface so that they were perpen—
dicular to the plane of symmetry. The span and gpanwise location of any
spoiler configuration were varised by changing the number and location of
gspoiler segments. ;

The fuselage, which had a finemess retlo of 10.2:1, was clrcular in
cross sectlon and tapered to a polnt at each end. The maximum dlameter
of the fuselage, which was constant at the wing center sectlion, was
12.3 percent of the wing span. The fusslage was used in the Inveastiga—
tion in a midwing configuration and no fillets were used at the wing—
fuselage Juncture. Detalls ofs the fuselage are glven in reference L.

Tests

The tests were conducted in the Langley 19—foot pressure tunnel
with the model mounted in the tunnel as shown in figure 5. The air in
the tunnel was compressed to a density of 0.0055 slug per cublc foot.
All tests of the investigation were conducted at & Reynolds number

of 6.8 x 10° end & Mach mumber of 0.16 with the exception of the plein
wing and wing-fuselage combination, for which additional teasts were
made at a'Reynolds nUMber of 3.8 x 106 and a Mach number of 0.09.

The rolling-moment and yawing-moment characterlstics, along with
the 1ift, drag, and pitching-moment characteristics, were determined
for all test configuretions through an angle—of-attack range from.—#o
to the stall.

The stall progressions were determined by observatlion of tufts of
wool yarn placed at approximately 10, 20, 40, 60, 80, and 90 percent of
the chord and spaced 6 Iinches on the upper surface of the wing.

REDUCTION OF DATA

A1l data have been reduced to nondimensional coefficiemnt form.
Corrections for support tare and interference effects have been applied
to all Porce and moment data. Jet—boundary corrections determined by
means of reference 5 and alr-flow-misalinement corrections have been
applied to the angle of attack and drag coefficlent. In addition, a
Jet—boundary correction has been applied to the pltching momsnt.
Corrections for Jet—boundary effects on rolling and yawing moment were
found to be small and therefore have not been epplied.
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RESULTS AND DISCUSSION

Effect of Spoiler Span

The effects of spoller span on the aesrodynamic characteristics of
the various model configurations are. presented in figures 6(a) to 6{(g),
which indicate that the rolling-moment effectiveness of hoth plain and
gstep spollers increased with spoliler span up to angles of aettack at
which the wing stalls. The only significant exception was when the step
spoller extended 1nboard of 20 pércent of the wing semiaspan, where a
decrease 1n rolling-moment effectiveness was cobtalned. Further study of
the data in figures 6(a) to 6(g) indicates that the rolling-moment
effectiveness obtained from spollers extending inboard from the tip and
outboard from the root cannot be combined in a single spanwise effective-—
ness curve as is the case of straight wings (reference 6). This result
makes it impossible to calculate the rolling-moment effectiveness of
partial-apan spoilers on swept winge by the same method as used 1n
reference 6.

The inability to comblne the spanwlse rolling-moment sffectivensss
of spoilers obtained in thig -investigation into a single epanwise
effectiveness curve 1s due to the .fact that the Incremental effec—
tiveness of the apoller segments, when added inboard from the tip, was
not equivalent to the incremental effectliveness of the sams spoller
segments when added outboard fram the root. This fact suggests that,
in arder to estimate the spoiler rolling-moment effectiveness of a
partial—span spoiler, both inboard and otitboard spoller data must be
utilized. A mothod which was found to closely estimate the effective—
negs of partial-span spollers, sspecially in cases In which large
differences occurred in the incremental effectiveness of spoller segments,
1s 1llustrated in figure T for an angle of attack of o = 0. 7The carre—
lation obtained with experimental values of the rolling-moment effec—
tivenesa of pertial—epan spoilers when using this method, which utilizes
the data of figures 6(a) to 6(g), is shown in figure 8. While satis—
factory correlation was cbtained with the experimentsl results of this
paper, it should be pointed out that 1t is_probable that this method may
not ‘yield the same degree of correlation far winge of d1fferent plan
forma since the wing flow characteristics are greatly affected by sweep.

While this method 1s used herelm only to estimate the rolling—
moment effectiveness of partial—spen spoilers, it has been found that
the same procedure can be used to determine the effect of spoller span
and spanwlse locatlion on the wing 1lift, drag, and moment characteristics.
The basic aerodynamic characteristics of the various model configura—
tions are presented, therefors, In figure 9 to enable the formulation
of the wing lift, drag, and moment curves far the wing configurations
with various spoller arrangements which would be useful in evaluating



NACA RM I9L20a : T

the asrodynamic characteristics of the wing 1f spollers were used as
gpeed brakes.

Effect of Spoiller Spanwise Location

Flaps neutral.— The effects of spoller spanwise location of constant—
gpan, plain and step spoilers having a projection of 0.10c are presented
in figures 10(a) and 11l. The values of rolling-maoment effectiveness for
both spoilers located at the wing tlp were approxjmately equal (fig. 10(a))
When the spollers were moved inboard, the rolling-moment effectlveness of
the plain spoiler lncreased progressively; wheress the effectiveness of
the step spoiler increased slightly for the midspan location and then
decreased considerably when the inboard end of the span of the step
spoller was located at the wing plane of symmetry. Thus, as Indicated
in figure 11, the coptimum spanwise locatlon for the plaln spoller was in
the vicinity of the wing plane of symmetry; whereas that of the step
spoller was slightly inboard of the wing tip. Although no direct com—
parison 1s made in this paper, the resulte of the investigation 4id
indicate that spoiler projection appeared to have no appreciable effect
on the optimum spoiler spanwlse location. A comparison of data obtained
in the present investigation wlth data from tests of a goometrically
gimilar semispan model (reference 3) at comparable Reynolds numbers
indicates that the same trende were obtained for the optimum spanwise
location of the step spollers; however, the magnitude of the rolling—
moment effectiveness obtained in the present investigation for inboard—
located step spoilers was less than that obtained 1n reference 3. The
discrepancy obtalned in the magnitude of the step spoller rolling-moment
effectiveness is belleved to result fram errors in reflection-plane
carrections applied to the semispan data. In or8er to obtaln these
reflection—plane corrections, the 1ift distributions over the wing with
full—span and partisl—span spollers must be estimated from potential
flow theory. Since potential flow theory does not consider areas of flow
geparation such as introduced by spoller—type lateral control, it is
reasonable to expect errors in the estlimated 1ift distributions and
agsociated errors of considerable magnitude in the reflectlon—plane
corrections.

The effectiveness of the plain spoller was superior to that of the
step spoller for all inboard locatlons throughout the angle—of—attack
range up to the stall (fig. 10(a)). At the stell, however, the step
gpoiler maintained somewhat hetter effectliveness than the plain spoller,
regardless of spanwise location. Although the effectiveness of both
spoilers can be congidered negligible for .the midspan and outboard span—
wise locatlions, both spollers located at the plane of symmetry retained
somewhat better effectiveness at the gtall than was obtained when the
spollers were located farther outboard. 8Since the inboard spoller
locations on the plaln wing are not blanketed in a region of flow
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separation at the stall, ag is the case for ocutboard spoller location,
it would be expected that inboard—located spollers would malintaln some—
what better effectiveness at the stall than outboard—located spollers.
In addition to producling the greater rolling—moment effectiveness 1in the
low and moderate angle—of-—ettack range for inboard positlicons, the plain
spoiler alsgo produced the lower decrement inm 1ift coefficlent regardless
of apoller span location (figs. 10{a)} end 10(b}). These results indicate
that the lateral center of presdure for the wing equipped with plain
gpollers was loceted farther outboard than when the wilng wes equipped
with step spoilers. In an effort to indicate how the two types of
spollers affect the flow fleld over the wing, tuft studles were masde of
the bagic wing with and without a fuselage in the midwing position for
various plain and step spoller arrengements. (See fig. 12.) As
indicaeted in figure 12, the areas of disturbed flow produced by the
plain gspoller were located farther outboard than those of the step
apoller. The pregence of the fuselage appeared to have little effect
on the flow characteristice over the wlng equipped with apollers.

Both typee of spollers produce approximately the same degree of
favorable yawing moments whilch became less favorable with either an
increase in engle of attack or inbosrd movement of the spoiler span
location (fig. 10(a)).

Flape deflected.— Far the angle—of—attack range from 0° to 16°, the
optimum apoiler spenwlise location of the step spoller on the basic wing
with 0.575b/2 leading—edge and half—epan flaps deflected (fig. 13) was
similar to that obtained for the flap-mneutral condition; whereas that
of the plaln spoller wes ehifted outboard tc approximately the seame
optimum spanwise location of the step spoiler.  When the trailling-edge
flaps were extended to full-span split flaps (fig. 14(a)) the optimum
spoller spanwise location of the plaln spoiler was slightly Inboard of
thaet obtained with 0. 575b/2 leading-edge and half—span gplit flaps
deflected; and when the 0.575b/2 leading—edge flaps were deflected alone
(fig. lh(b)), the optimum spoiler spanwise location of the plain spoller
was approximately the sesme ag that obtalmed with flaps neutral. Since
the effect of tralling—edge flaps on the gpan losd distribution 1s
conglderably greater than that obtalned with leading-edge flapa, it
would be expected that the cptimum spoiler gpanwise locatlon would be
affected more by wing trailing-sdge configurations than by wing leading-—
edge devices.

A compasrison of the rolling-moment effectiveness of the two
spoilers located at their optimum spoiler spanwise locations (fig. 13)
indicates that the plain spoiler was more effective than the step
spoiler up to an angle of attack of 8°. At 16° the effectiveness of
both spoilers was approximately equal. Incom@lete data obtained 1in
this Investigation and not presented herein indicate that at the
stall both spollers maintalned thelr effectiveness, although 1t was
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somewhat lesas than that obtained at low angles of attack, and the optlimum
spanwlse locations of the two apoilers were found, as 1n the case of the

basic wing, to very in accordance with the stall progressions of flapped

configurations.

Effect of Spoiler Height

The gpoiler rolling-momesnt effectliveness of a range of spoller pro—
Jections on the basic wing and the wing equipped with high—l1I1ft and stall-—
control devices are presented in figures 15(a) and 15(b). Both spoilers
had spans of 0.475b/2 which extended from 0.5b/2 to 0.975b/2.

Except for step—epoiler projections less than approximately 0.02c,
where 1little or no spoller effectlveness was Indicated in the low and
moderate angle—of—ettack rangs, the verlation of rolling-moment coeffl-—
cient with spoiler projection for the flep—neutral configuration at
angles of attack of 0° and 8° (fig. 15(a)) was approximately linear
throughout the spoller projection range for both plain and step spoilers.
At 16° angle of attack, the varilation of rolling—momsnt coefficient with
gpoiler proJjection for both spollers was approximetely linear up to a
spoller proJection of 0.05c. At a spoliler deflection of 0.05c, & polint
of inflection occurred in the varistion of rolling-moment coefficient
with spoller proJjection beyond which the veriation of spoller rolling—
moment effectiveness with proJectlon was nonlinear.

With 0.575b/2 leading—edge and full—spen split flaps deflected
(fig. 15(b)), the variation of rolling-moment effectiveness with spoiler
projection was approximately linear far both spoilers throughout the
angle—of—attack range for a1l spoller prolJectiqns greater than 0.03c.
For spoiler proJjections less than approximately 0.0bc, reversal in the

-gtep spoiller effectiveness was encountered at low and moderate angles
of attack. Although no,reversel in spoller effectiveness was obtalned
for the plain spoller in this range of proJections. and angles of attack,
the data do Indicate that the effectiveness of the plain spoller was
such as to produce little or no rolling moment. Thls ineffectiveness of
low spoiler proJjections for the full—sgpan split-flap configurations has
previously been noted in reference T for stralght wings.

_ With 0.575b/2 leading—edge and half-—spen gplit flaps deflected wlth
and without upper—surface fences (figs. 15(c) and 15(d)), the variation
of rolling-moment effectiveness with spoller proJection was approximately
linear through the range of spoller deflections investlgated.

In the low and moderate angle—of—ettack range with flaps neutral,
the plain spoller was more effectlve than the step spoiler far spoiler
projections less than epproximately 0.07c. With flaps deflected, the
plalin spoiler was generally more effectlve throughout the entire angle—
of-attack range and spoller proJections lnvestigated.
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Effect of Chordwise Location

The effects of chordwlsme location on the rolling-moment effective—
neas of 0.6b/2 span plain and step spoilers are presented in filgure 16.

With the outboard end of the spoiler span fixed &t 0.975b/2 on the
plain wing, the rolling-moment effectiveness of the step spoliler located
at 0.50c was less than that obtalned at 0.70c location for an angle-of-—
attack range from —4° to approximately 4°. Beyond 4° angle of attack up
to the stall the greatest rolling-moment effectliveness was obtained with
the atep spoiler located at (¢.50c. In the case of the plain aspoller,
the degree of rolling-moment effectiveness obtained at the 0.50¢ loca—
tion was lower than that obtained at the 0.70c locetion throughout the
angle-~of-attack range up to the stall. At the stall the effectliveness
of both gpollers wasg, for all practical purposes, Iindependent of chord
location. The inabllity of chord locatlon to affect the rolling-moment
effectliveness of the spollers at the stall 1s attributed to wing—tip
flow separation, which ig characteristic of the wing not equipped with
stall—control devices. When the plain epoller was located inboard of
the wing tip (0.20b/2 to 0.80b/2), a forward chord location (0.50c)
decreaged the rolling-moment effectiveness of the plain gpolier from
that obtained at the 0.70c location in the angle—of-ettack range from
—4° to0 11°. Beyond 11° to the stall, the rolling-moment effectiveness
of the plein apoller was slightly greater faor the 0,50c¢ location than
for the 0.70c location. At the gtall the effectiveness appsared to be
independent of chord location as was the case far outboard locations.

With the outboard end of the plain spoller located at 0,975b/2
and 0.575b/2 leading—edge and half-epan split flape deflected, an
increase in rolling-moment effectiveness of the plalin apoller was .
obteined only for the angle—of-—attack range fraom 10° through the stall
when the plain spoller was moved forward from the 0.70c line to the -
0.50c locatlon.

The decrease in rolling-moment effectiveness that was obtained
when spoilers were moved forward to the 0.50c location is not in agree—
ment with previously published data of an unswept wing imcorporating
bli-geries airfoll sections (reference €). Thils discrepancy is belisved
to be due to ailrfoill section inasmuch as two—dimensionsel data from the
Amss 1~ bY 3%-—foot tunnel for an airfoll section simllar to that used
in the yresent investigation 1s in qualitative agreement with the results
pregented herein.

Effect of Reyno;ds Number

Flgure. 17 presents the effects of Reynolds number on the spoiller
effectiveness of 0.10¢ plain and step spollers located at two spanwise
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positions on the basic wing wlth and without a fuselasge. As Indlcated
from the data of figure 17, ilncreasing the Reynolds number from 3.8 X 10

to 6.8 x 106 increased the spoiler rolling-moment effectiveness on both
wlng configurations over most of the angle—of-attack range and generally
extended the spoller effectiveness to higher angles of attack.

Comparison of Spoiler and Alleron Effectivenesa

A partial comparison of spoller and alleron effectiveness les pre—
sented in figures 18(a) and 18(b) for three angles of attack. The
following discussion is based on a 0.5b/2 span spoiler of 0.10c¢ pro—
Jection and a half—span flat—sided outboard alleron baving a total
deflection of 25° (reference 8).

For the flap-neutrel condition (fig. 18(a)) the results indicate
that when the spoller spans were fixed at the wing tlp, the effectlvensss
of the aileron was approximately equal to, and Iln some cases better than,
that produced by elther spoller arrangement. When the spollers werse
located inboard toward the plane of symmetry, the plain spoller was more
effective than the slleron and the step spoller was less effectlve than
the aileron. Although rolling-moment data are not presented for angles
of attack at the stall, comparison of the data of reference 8 with results
cbtained in this investigation indicates the effectiveness of the aileron
through the etall was considerably greater than that obtained wlth elther
type of spoller lnvestigated.

With 0.575b/2 leading-edge and half—span split flaps deflected,
both spollers regardless of spanwlse location were more effective than
the aileron. The only exception was in the case of the step spoilers
located at the plane of symmstry at low and moderate angles of attack
where the alleron was more effective.

CONCLUSIONS

From an lnvestigation of the low—sapeed latersal control charsascter—
igbics carriéd out at a Reynolds number of 6.8 x 10° on a 42° sweptback
wing with and without high—l1ift and stall-control devices, the following
conclusions were made:

l. The rolling-moment effectliveness obtalned frcm-spoilers extending
inboard from the tip end outboard from the root camnot be combined in a
gingle spanwise effectiveness curve as in the came of stralght wings.

2. Baged on equal—span spollers having & spoller projection of 0.10c,
the step spoller was more effective 1f located slightly inboard of the
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wing tip for the plain wing configuration; whereas the plain spoller was
more effective i1f located in the vilcinlty of the plane of symetry.

With flaps doflected, both spollers were more effective when located
8lightly inboard of the wing tip. .

3. With fleps neutral, the plain spoller wasg more effective than
the step apoller for low spoller proJections in the low and moderate
angle—of—attack range. With flaps deflected, the plain gpoller was  __
generally more effectlive throughout the range of angles of attack and
- apoiler proJections dnvestigated.

4. Por 211 model configurations inveatigated, a forward spoiler
chordwise locatlion. generally reduced the spoller effectiveneas Iln the
low and moderate angle—of-ettack range and generally increased the
effectiveness in the higher angle—of-attack range. :

5. The rolling-moment effectiveneas of both spollers was Increased
over most of ghe angle—of ttack range by an 1ncrease in Reynolds number
from 3.8 X 10

6. Baged on a spoiler span of 50 pércent of the semlepan and a
gpoiler projection of 10 percent of the local chord, the effectlveness
of & half-span alleron having a total deflection of 25° was approximately
egqual to and in some cases better than that produced by elther spoiller
arrangement for the flap-neutral condlition with the spolilers fixed at
wing tip. When the spollers were located at the plane of symmetry, the
plain spoiler wae more effective than the alleron, whereas the loweat
effectiveness wag obtained for the step spoller. With flaps deflected,
both spollers, regardless of aspanwlse locatlon, were in most cases more
effective than the allerom.

Langley Aercnsutical Laboratory
Natlional Advisory Commlittee for Aeronautice
Langley Alr Force Base, Va.
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(b) Step spoiller.

Figure 4.- Installation of plain and step spoilers on a 42° sweptback
wing.
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Figure 5.- The 12° gweptback wing mounted in the Langley 19-foot pressure tunnel.
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bs = 0.52 t0 0.9752. R = 6.8 x 10°.
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(v) 0.575% leading-edge and half-span spllt flaps deflected. ,

Figure 18.- Concluded.
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